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HREEAbstract The use of unicellular brown micro-algae has several advantages over conventional
methods for removing rare earth elements (REEs) from lithogenic materials. A comparative study
is made to investigate the uptake and bioaccumulation of REEs from trachytic samples collected
from El-Atshan mine area in the Central Eastern Desert of Egypt. The examined samples are char-
acterized by their high REE content. Using Sargassum algae; it appears possible to reduce the abun-
dance of the Light Rare Earths (LREEs; La, Ce, Nd, Pm, Sm and Eu) that have a large atomic
number. However, higher efficiency of the separation has been recorded for the heavy rare earths
(HREEs) which display a marked control of quantum failing (tetrad effect).
 2015 The Author. Production and hosting by Elsevier B.V. on behalf of Egyptian Petroleum Research
Institute. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).1. Introduction
Determination of the REEs in marine organisms such as sea-
weed is important in studying the extent of these elements in
marine environment. The REEs are considered to be an impor-
tant tracer for studying the circulation of materials in the bio-
sphere [1,2]. As far as the author is aware; the available
database on the environmental behavior of the REEs has seri-
ously been improved because of the modern advances in the
analytical techniques.
Many algae have immense capability to sorb metals, and
there is considerable potential for using them to treat wastew-aters. Metal sorption involves binding of the cell surface to
intracellular ligands. The adsorbed metal is several times
greater than the intracellular metal. The carboxyl group is
most important for metal binding. Concentration of metal
and biomass in solution, pH, temperature, cations, anions
and metabolic stage of the organism affect metal sorption.
Algae can effectively remove metals from multi-metal solu-
tions. Dead cells sorb more metals than live cells. Various pre-
treatments enhance the metal sorption capacity of algae. [3].
Marine organisms such as seaweeds are well known to con-
centrate metals and have been used as a monitor of seawater
pollution [4,5]. Moreover, biosorption studies, using living bio-
mass including seaweed, have widely been performed recently
in large parts of the world recently [6,7]. Although dead algae
have been successfully utilized successfully in heavy metal
Figure 1 Location map of El Atshan area, Central Eastern Desert, Egypt.
Table 1 Protein analysis data for phaeophyta Sargassum
detifolium before and after treatment with El Atshan Trachytic
sill sample No. (1) (ug/mL).
Amino acids Before treatment After treatment
Aspartic 39.735 43.10
Threonine 14.945 16.19
Serine 17.86 11.28
Glutamic acid 80.21 73.43
Glycine 12.545 ND
Alanine 50.825 42.67
Valine 31.38 27.99
Isoleucine 18.405 19.95
Leucine 51.25 57.98
Tyrosine 54.02 ND
Phenylalanine 66.17 133.51
Histidine 8.17 11.56
Lysine 24.77 24.92
NH4
+ 98.445 178.56
Arginine 34.155 ND
Methionine 9.145 ND
Proline 21.36 44.67
ND= (not detected).
Table 2 Protein analysis data for phaeophyta Sargassum
detifolium before and after treatment of El Atshan Trachytic sill
sample No (2) (ug/mL).
Amino acids Before treatment After treatment
Aspartic 73.59 43.09
Threonine 23.22 9.97
Serine 12.28 8.56
Glutamic acid 99.15 42.56
Glycine 17.73 9.53
Alanine 88.23 45.79
Valine 78.65 28.67
Isoleucine 55.09 9.08
Leucine 112.73 32.57
Tyrosine 79.50 ND
Phenylalanine 117.24 122.45
Histidine 78.74 ND
Lysine 89.16 11.37
NH4
+ 124.61 112.74
Arginine 95.78 ND
Proline 17.29 45.34
446 N.S. Gadadsorption [8,9] living algae may be more advantageous due to
metabolic uptake and continuous growth. Marine macroalgae,
accumulate trace metals from solution and for this reason,have been extensively used as biomonitors of metal contamina-
tion of seawater [10,11].
Some brown algae, e.g., Sargassum hemiphyllum (S.h.), con-
centrate REEs and uranium (U). Consequently, it is found that
the concentrations of REEs (i.e., La, Eu, and Yb) in S.h. were
Figure 2 Histogram showing protein analysis of phaeophyta Sargassum detifolium before and after treatment of El Atshan Trachytic sill
sample No (1): (ug/mL).
Biosorption of rare earth elements using biomass of Sargassum in Egypt 447comparatively higher than those in Undaria pinnatifida (U.p.),
although the concentration of U in S.h. is slightly smaller. The
order of lanthanides concentration in S.h. is main
branch > leaf > vesicle. However for U; the order is
leaf > vesicle > main branch. The concentration of REEs
such as La in S.h. may be strongly affected by the suspended
solid in seawater. Moreover, the uptake of these elements using
living and dried algae (S.h. and U.p.) was also carried out to
survey the uptake and bioaccumulation mechanism of REEs
and U in algae. Consequently, it is suggested that the uptake
and/or accumulate mechanism of REEs by brown algae may
be different from that of U due to the chemical behavior of
the element [12].
The accumulation of polonium (210Po) by various species of
benthic marine seaweeds showed that the highest value found
was in red alga, Plocamium brasiliens, followed by other organ-
isms of the same group. In the group of the brown alga, the
species Sargassum stenophylum was outstanding. The Chloro-0
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Figure 3 Histogram showing Protein analysis of phaeophyta Sargassu
sample No (2): (ug/mL).phyta presented the lowest content of 210Po. The algae col-
lected in open sea, revealed greater concentration factors of
210Po than the same species living in bays. The remaining silic-
eous residue after mineralization of the algae did not interfere
with the detection of polonium [13].
1.1. Location and topography
Wadi El Atshan area lies at the central part of the Eastern
Desert of Egypt, about 30 km south west of Qusier town. It
is delimited by latitudes 25 470 – 25 530 N and longitudes
34 040 - 34 90 E (Fig. 1). It is covered by older granitoid rock,
Hammamat sedimentary rocks, younger granites and post
granitic dykes. The older granitoids are encountered as
small-scattered masses and represented by quartz diorite and
granodiorite. The Hammamat sedimentary rocks are widely
distributed forming the major suite of the exposed rocks and
uncomfortably overly all the pre-existing older rocksine
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Table 3 REEs content (ppm) in El Atshan Trachytic (samples
No. 1 and 2).
Elements Sample No. 1 Sample No. 2
Before After Before After
La 303.23 135.81 551.61 192.74
Ce 248.76 124.63 457.92 188.24
Pr 180.33 110.49 336.07 181.97
Nd 143.33 123.88 233.33 176.33
Sm 66.67 106.41 123.08 154.82
Eu 39.46 34.01 42.18 40.82
Gd 42.47 61.58 81.08 133.59
Tb 42.55 61.49 82.98 120.21
Dy 34.16 46.58 55.90 95.81
Ho 23.68 43.87 41.78 89.69
Er 14.29 35.24 44.29 73.57
Tm 18.52 38.27 43.21 60.19
Yb 21.53 34.93 43.06 75.60
Lu 21.74 35.71 37.27 54.35
ppm= part per million.
448 N.S. Gadrepresented by polymictic conglomerate, siltstone and grey-
wacke. The younger granites, in the study area, are represented
by monzogranites outcropping at W. Abu Marwat, as well as a
large body along W. Abu Sahid. The above mentioned rocksFigure 4 Chondrite normalized REE patterns showing clear M tetrad
at the right side).
Figure 5 Histogram showing depletion of the LREEs and enhancem
No. 1).are mainly traversed by trachytic dykes, sills, sheets, plugs
and/or cone like masses and with scarce basaltic dykes [14].
2. Methodology
The algal organism used in the treatment of El Atshan Trachy-
tic sill is Sargassum detifolium of phaeophyta (brown algae)
which is kindly provided from the National Institute of
Oceanography and Fisheries in Hurghada, Egypt. The sample
was washed in the surrounding seawater to remove attachment
at sampling place and was well washed by filtered seawater and
de-ionized water in our laboratory then dried in the heat of the
sun as outlined in the work of [15].
2.1. Experimental analysis to algae
A known weight of El Atshan Trachytic sample (100 g) was
taken to 10 g of S. detifolium (dead cells) then added to
1000 ml of bi-distilled water and kept for three weeks, and then
subjected to chemical and instrumental analysis to quantify the
effect of S. detifolium on elements and groups. The investiga-
tions were conducted by the environmental scanning electron
microscope (ESEM), model Philips XL 30, infrared spec-
troscopy (IR) model Naxux 670 FTIR, in the Central National
Research (CNR). Collaborative analytical techniques availableeffect for El Atshan Trachytic (sample No. 1 at the left side and 2
ent of the HREEs after treatment of El Atshan Trachytic (sample
Figure 6 Histogram showing depletion of the LREEs and enhancement of the HREEs after treatment of El Atshan Trachytic (sample
No. 2).
Figure 7 BSE image for El Atshan Trachytic after treatment
(sample No. 1).
Figure 8 BSE image for El Atshan Trachytic after treatment
(sample No. 2).
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the analysis of the rare earths. In order to characterize the
algae body building proteins (amino acids), samples were sub-
jected to HPLC (High performance liquid chromatography).
Eppendrof – Germany, LC3000 Amino acid analyzer model.
The working conditions were; flow rate 0.2 ml/min, pressure
of buffer from 0 to 50 bar, pressure of reagent to 0–150 bar
and reaction temperature 123 C.
3. Results and discussion
The use of algal biomass as a biosorbent is emerging as an
attractive, economical and effective proposition because of cer-
tain added advantages of algae over others [16,17]. Algae have
low nutrient requirements being autotrophic where they pro-
duce a large biomass. Unlike other biomass and microbes,
such as bacteria and fungi, algae generally do not produce
toxic substances. Binding of metal ions on algal surface
depends on different conditions like ionic charge of metal
ion, algal species and chemical composition of the metal ion
solution [18,19].
The main goal of this research is to explore the influence
action of S. detifolium which was applied as natural (living)
macroalgae to capture of REE element from El Atshan Tra-
chytic samples. The data were obtained after analysis via dif-
ferent measurement techniques such as protein analysis
(Tables 1 and 2 and Figs. 2 and 3), ICPMS analysis (Table 3and Figs. 4–6), ESEM image (Figs. 7–10) and infrared (Figs. 11
and 12).
3.1. Protein analysis
Protein analysis for algae was carried out before and after con-
tacting them with the El Atshan sample. The aim of this anal-
ysis is to monitor the main changes in the characteristics of the
algae body building proteins which, in turn, reflect the amount
of interaction between S. detifolium and sample.
From the protein profile one can judge that there are
increasing values of aspartic acid, threonine, isoleucine, leu-
cine, phenylalanine, histidine, NH4
+ and proline with a slight
increase in lysine, and complete disappearance of glycine, tyr-
osine, arginine and methionine, while Serine, glutamic acid,
alanine and valine decrease as shown in Table 1 and illustrated
in Fig. 2. Protein profile for S. detifolium in sample No. (2)
shown in Table 2 and Fig. 3. From the data it is evident that,
aspartic, threonine, serine, glutamic acid, alanine, valine, iso-
leucine, leucine, lysine and ammonia group gave higher react-
ing percents with El Atshan Trachytic sill sample No. (2)
content which is reflected from their lower results compared
to the original ones. Tyrosine, histidine and arginine were
not detected at all after treatment assuring their highest react-
ing ability. Glycine slightly decreased in content after the reac-
tion. In contrary, after the reaction proline have highly
increased.
Figure 9 BSE image for El Atshan Trachytic after treatment
(sample No. 2).
Figure 10 BSE image for El Atshan Trachytic before treatment
(sample No. 2).
Figure 11 Infrared spectra of Sargassum detifolium before and
after treatment with El Atshan Trachytic sill samples No. (1).
Figure 12 Infrared spectra of Sargassum detifolium before and
after treatment with El Atshan Trachytic sill samples No. (2).
450 N.S. GadAfter sample treatment by S. detifolium we can notice that
the analyzed REEs show a marked depletion with relatively
varying proportions in the two samples, Fig. 4 shows tetrad
effects on the El Atshan Trachytic samples and a decrease in
Eu in two samples after treatment by S. detifolium and notes
that the Er in sample No. 1 is more depleted due to treatment,
than sample No. 2 while the Ho in sample No. 2 decreased
more due to treatment than sample No. 1 [20–22]. The his-
tograms (Figs. 4 and 5) illustrate the quantitative response of
the REEs upon treatment with S. detifolium.The main characteristic wavelengths of examined samples
are illustrated in Figs. 11 and 12. However, the main wave-
lengths are related to the appearance of OH, NH, CH aro-
matic, coupling imide and C–O–C functional group; after
treatment CH aromatic disappears with the appearance of
CH aliphatic.
4. Conclusions
REEs are considered as an important tracer for studying the
circulation of materials in the biosphere, our knowledge about
the environmental behavior of the REE has increased because
of the development of new analytical techniques. From the
obtained data in the present study, it can be stated that the
LREEs decrease with increasing atomic number upon treat-
ment with S. detifolium, whereas the HREEs show marked
enhancement following the control of the tetrad effect. The
maximum efficiency of separation is recorded for Er in Sample
No. (1), and Ho in Sample No. (2).
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